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ABSTRACT The Great East Japan Earthquake of 2011 had a serious psychological impact
not only on residents, but also on public servants who worked for residents in prefectures and
municipalities. Although public servants worked in highly stressful situations, disaster-related
stress among them has not been studied, as has been the case for residents. We examine the
stress trajectory of Ishinomaki public servants in Miyagi prefecture (N= 573; 317 men, 256
women), which was directly affected by the Great East Japan Earthquake, and analyse the
effects of risk factors that included poor workplace communication, insufficient rest, having
dead or missing family members, and living in a shelter. Six surveys were conducted (baseline
approximately three months after the earthquake, and follow-up in approximately six-month
intervals over a four-year period) using the Japanese version of the Kessler six-item Psy-
chological Distress Scale. The analysis was conducted using five models, which included one
for each risk factor and all four risk factors. Latent growth curve analysis indicated that stress
response follows a cubic trajectory over four years. Psychological distress sharply reduced
from 2011 to 2012 before stabilising and then slowly declining from 2014 to 2015. In the
results of the analysis for each model, all risk factors affected stress response in the baseline.
Individuals with poor levels of workplace communication experienced higher stress than
those who had good levels of workplace communication. Our findings show that public
servants’ stress responses decrease with time, regardless of whether or not there are risk
factors involved. These results suggest that workplace communication in daily life can pre-
vent the deterioration of mental health since risk factors affect the baseline of stress
response.
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On March 11, 2011, at 14:46, a massive undersea earth-quake, measuring 9.0 on the Richter scale, caused a tsu-nami that devastated the shoreline of east Japan from
Tohoku (especially, Iwate Prefecture, Miyagi Prefecture, and
Fukushima Prefecture) to the Kanto region. In total, 15,894
people died, while 2546 people were reported missing (Japan
National Police Agency, 2017) and 77,436 people were living as
internally displaced persons as of 2017 (Japan Reconstruction
Agency, 2017). Ishinomaki city was one of the most seriously
damaged areas in Miyagi Prefecture. Ishinomaki city had a
population of 160,826 before the disaster. After the disaster, 3553
people had died, 425 were missing, and 53,038 houses were
completely or partially destroyed (Miyagi Prefecture Government,
2017).
Previous research related to the Great East Japan Earthquake
disaster targeted residents (Yabe et al., 2014; Yokoyama et al.,
2014), children (Usami et al., 2012), pregnant women (Watanabe
et al., 2016), and psychiatric patients (Matsumoto et al., 2014;
Wada et al., 2013). This disaster affected the mental health of not
only residents, but also public servants. Public servants are
involved in affairs concerning life of residents in prefectures and
municipalities. While public servants in prefectures conduct
wide-area local government affairs encompassing municipalities,
those in municipalities conduct basic local government affairs
closely connected to residents’ daily lives (Council of Local
Authorities for International Relations, 2010). Even though they
were victims of the disaster, they had to support residents during
the restoration of towns and cities. The Inter-Agency Standing
Committee (2007) reported that public servants are one of the
potentially supportive social resources for community recovery.
However, Japanese residents want public servants to respond to
their demand and recover the fundamentals of their lives
immediately. If their demand is not fulfilled, some residents cri-
ticise the public servants. In addition, unlike temporal rescue
workers who work in damaged areas for a defined period of time,
public servants must respond to needs for a long period. They
face victim-related and job-related stressors during this long
period. Therefore, it is necessary to identify the long-term
changes in the stress of public servants.
A recent systematic review of occupational groups affected by
disaster (Brooks et al., 2017) suggested that pre-disaster experi-
ences, job satisfaction, traumatic exposure, perception of safety,
harm to self/close others, social support, and post-disaster impact
on life were important to all workers. In terms of public servants,
government staff who were in close proximity to disasters
including terror attacks showed greater prevalence of low mental
health, post-traumatic stress disorder symptoms, depression, and
alcohol abuse (Grieger et al., 2004, 2005; Hansen et al., 2013;
Jordan et al., 2004) than those who were not. In Japan, public
servants are often criticised by the public in everyday circum-
stances because many Japanese people believe that public servants
are stable in various aspects, such as employment, salary, and
social security. In terms of social factors in times of disaster,
workers received a lack of positive acknowledgement from others,
which was associated with low mental health (Brooks et al., 2017).
Therefore, Japanese public servants in disaster areas would be
more susceptible to low mental health than would be those with
other occupations, because of proximity to the disaster and a lack
of social acknowledgement.
In addition, Suzuki et al. (2014) revealed an association
between four possible risk factors (i.e., poor workplace commu-
nication, insufficient rest, having dead or missing family mem-
bers, and living in a shelter) and mental distress among public
servants in the Miyagi prefectural government after the Great
East Japan Earthquake. In other words, regardless of whether they
were directly affected by the disaster, public servants may have
experienced mental health problems. Of note, the long-term
mental health trajectory of these public servants has not been
addressed.
In this study, we focused on public servants in Ishinomaki city,
a coastal city and the second most populated city in Miyagi
Prefecture, and examined the previously noted four risk factors
that may affect their mental health recovery process. Suzuki et al.
(2014) did not reveal the long-term stress trajectory or investigate
how the four risk factors affected public servants’ stress trajectory.
The first goal was to test whether their stress trajectory could be
captured by linear or curvilinear growth models. The secondary
goal was to analyse these four factors that could affect the overall
level and shape of the stress trajectory: poor workplace commu-
nication, insufficient rest, having dead or missing family mem-
bers, and living in a shelter.
Methods
Participants and procedure. The current study was a secondary
data analysis of a health survey conducted on local government
employees of Ishinomaki city, Miyagi Prefecture. The survey
began in June 2011, when the Great East Japan Earthquake
occurred, and ended in July 2015. We used data from six periods
in this research, which included demographic variables and
psychological distress questionnaires with 1452 regular workers:
Time 1, June 2011; Time 2, October 2011; Time 3, June 2012;
Time 4, February 2013; Time 5, February 2014; and Time 6, July
2015. Their types of staff included: staff engaging in affairs related
to the fundamentals of residents’ lives (e.g., residential taxes,
family registers), staff engaging in the provision of infrastructure
(e.g., water supply, garbage disposal), staff engaging in the welfare
and health of residents (e.g., affairs of nursing insurance, nurses
within the city-run hospital), and staff engaging in the estab-
lishment and management of various facilities (e.g., community
hall, elementary and junior high schools).
We obtained permission for the use of secondary data from
Ishinomaki city and the Ethics Review Committee of Tohoku
University Graduate School of Education approved the study (No.
16-1-024).
Suzuki et al. (2014) had used a web-based survey to investigate
the public servants in Miyagi Prefecture. This research targeted
the public servants in Ishinomaki city. In Japan, prefectures and
cities (municipalities) are mutually independent local government
entities (Council of Local Authorities for International Relations,
2010). Therefore, participants in this research were different from
Suzuki et al. (2014) participants.
Measures
Demographic variables. Demographic variables included sex, age,
communication with co-workers (yes, regularly; yes, occasionally;
or no, not at all), whether participants worked overtime exceeding
100 h (yes or no), whether they experienced living without a
domicile (yes, I have, but not now; yes, I still live in an arranged
situation; or no, not at all), and whether or not family members
had been killed or were missing (yes or no). We considered
exceeding 100 h of work as insufficient rest. This portion of the
survey was used only once at Time 1. Workplace communication
and responses to whether participants had experienced living
without a domicile were categorised. For workplace commu-
nication, yes, regularly and yes, occasionally were categorised as
‘yes’. With regard to whether participants had experienced living
without a domicile, yes, I have, but not now and yes, I still live in
an arranged situation were categorised as ‘yes’. In this study, we
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did not report other items because we used them for other pur-
poses (Wakashima et al., 2014).
Main outcome measurement. Psychological distress was measured
with the Japanese version of the Kessler 6-item Psychological
Distress Scale (K6) (Kessler et al., 2002; Kessler et al., 2003). The
Japanese version of the K6 was recently developed using the
standard back-translation method and it has been validated
(Furukawa et al., 2008; Sakurai et al., 2011). The K6 consists of six
questions with five possible responses (0–4) for each question:
‘none of the time’ (0 points), ‘a little of the time’ (1 point), ‘some of
the time’ (2 points), ‘most of the time’ (3 points), and ‘all of the
time’ (4 points). The participants were asked if they had the
following symptoms during the past 30 days: feeling so sad that
nothing could cheer you up, feeling nervous, feeling hopeless,
feeling restless or fidgety, feeling that everything was an effort, or
feeling worthless. Total scores ranged from 0 to 24. We used K-6
scores from Time 1 to Time 6.
Statistical analyses. We used latent growth curve models to
describe the stress trajectory and to determine whether this tra-
jectory differed by the abovementioned four factors. Latent
growth modelling uses repeated measures of a single variable to
estimate two latent factors—the initial intercept and the slope. In
this study, the intercept indicates the stress response at the time of
the first survey, while the slope indicates the change in the stress
response.
We specified a linear slope by applying the slope factor
loadings to 0, 1, 2, 3, 4, and 5 from Time 1 to Time 6, respectively.
A quadratic slope was also added to the model with factor
loadings of 0, 1, 4, 9, 16, and 25; similarly, cubic slope factor
loadings of 0, 1, 8, 27, 64, and 125 were added to capture
nonlinear trends. Maximum likelihood estimation was calculated
for all latent growth curve models. Missing data were calculated
using a process called full information maximum likelihood
(FIML). FIML uses all available data for each person, estimating
missing information from relationships among variables in the
full sample. The analyses were conducted with Mplus 8.1
(Muthén and Muthén, 2017).
Results
Figure 1 depicts the participants’ flow diagram. Table 1 shows
participants’ basic characteristics. Overall, 147 participants
(25.65%) had a Time 1 K6 score ≥ 10.
Our first goal was to estimate the trajectory of stress. We
estimated a linear, quadratic, and cubic model. Table 2 provides
the results of all latent growth analyses. For the linear model
across all samples, the average initial level at Time 1(intercept)
corresponded to an average rating of 6.26 (on a 0–24 scale) for
K6 score and decreased by about 0.38 each time until Time 6.
Therefore, we estimated it to be a quadratic and cubic model. The
cubic model had the best fit to the data. Relative to the linear
model, adding a quadratic term improved model fit (Δχ2
(4)= 61.98, p < .001; ΔBIC= 62.69); relative to the quadratic
model, adding a cubic term improved model fit (Δχ2(5)= 25.03,
n.s.; ΔBIC= 1.59). Consequently, we estimated a cubic stress
trajectory (Fig. 2).
Effects of covariates on growth parameters. Our second goal
was to test for stress trajectory changes that were affected by the
risk factors. We estimated five conditional growth curve models,
one for each variable and one that examined all four variables
simultaneously (Table 3).
With Model 1, we examined the effect of workplace
communication on the trajectory. The results indicated that
communication significantly influenced the intercept but not the
slope of the curve. Participants with poor levels of communica-
tion showed higher stress levels than did effective communicators
at all time points. With Model 2, we examined the effects of rest
on the trajectory. The results indicated that rest significantly
influenced the intercept, but not the slope of the curve.
Participants getting insufficient rest showed higher stress levels
than did those getting sufficient rest at all time points. With
Model 3, we examined the effect of having dead or missing family
members on the trajectory. The results indicated that having dead
or missing family members significantly influenced the intercept
and marginally influenced the linear, quadratic, and cubic slope.
Participants with dead or missing family members showed higher
stress levels than did those with no dead or missing family
members at almost any time point. With Model 4, we examined
the effect of the experience of living without a domicile on the
trajectory. The results indicated that living without a domicile
significantly influenced the intercept, but not the slope of the
curve. Participants living without a domicile showed higher stress
levels than did those who had a domicile at all time points. With
Model 5, we examined the effect of all four variables
simultaneously. The results were comparable to Models 1 through
4, except for the effect of having dead or missing family members
on the intercept and the linear, quadratic, and cubic slopes. The
intercept, which was significant in Model 3, revealed a
nonsignificant trend in Model 5. Further, the linear, quadratic,
and cubic slopes, which showed a nonsignificant trend in Model
3, became nonsignificant in Model 5. Therefore, although these
four risk factors were associated with higher stress responses
among participants, they were not associated with independent
changes in the stress trajectory. Furthermore, the regression
coefficients were not strongly changed when the risk factors were
analysed simultaneously. Workplace communication, rest, having
dead or missing family members, and living without a domicile
are relatively independent risk factors for the stress trajectory. We
observed that, among all risk factors, workplace communication
affected the intercept the most.
Discussion
In this research, we investigated the stress levels of local gov-
ernment employees in Ishinomaki city after the Great East Japan
Earthquake. Latent growth curve analyses suggested that the
average trajectory of stress can be captured by a cubic curve.
Psychological distress was sharply reduced at Time 3 from Time
1, but then became more stable (Time 4 and Time 5), and slowly
declined from Time 5 to Time 6. Many studies revealed that the
stress trajectory follows some distinct patterns (Bonanno and
Diminich, 2013; Norris et al., 2009). However, it has been shown
that the average value of distress will linearly decrease over time
(Oe et al., 2016; Yabe et al., 2014). Our results reveal that distress
not only decreased rapidly linearly, but also changed cubically.
We also found individual differences among the initial state of
the stress trajectory. Workplace communication, insufficient rest,
having dead or missing family members, and living in a shelter
predominantly affected the initial stress state. It was revealed that
risk factors affected the initial stress state but did not affect the
subsequent long-term changes. In addition, from the result of
four risk factors simultaneously, it was suggested that each of the
risk variables are affected independently. Among the risk factors,
workplace communication had been the most influential. Suzuki
et al. (2014) revealed that poor workplace communication and
insufficient rest, which were work-related stressors, impacted
stress responses. Therefore, workplace communication was sug-
gested to be an important variable in terms of capturing the
mental health of public servants after the disaster. In this study,
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the reasons for workplace communication to affect stress
responses the most can be outlined. First, employees were
expected to work for a long time with co-workers; their rela-
tionships with coworkers were associated with psychological
distress (Shigemi et al., 1997; Eguchi et al., 2012). When a disaster
occurs, public servants must work long time for the benefit of the
residents at the cost of all else. It is possible that because they
work long time with co-workers, workplace communication
might have a large influence on stress.
Second, the measurement of communication was different from
Suzuki et al. (2014). Although Suzuki et al. (2014) measured the
quality of the communication, this study measured the amount of
communication. In addition, in the analysis, Suzuki et al. (2014)
divided communication into ‘poor or reasonable’ and ‘good’; On
the other hand, this study divided communication into ‘poor (not
at all)’ and ‘reasonable (occasionally) or good (regularly)’. It was
observed that ‘poor’ amount of communication was the problem.
For this reason, it was concluded that workplace communication
has a greater influence on stress response than the remaining
factors. Moreover, workplace communication is the most con-
trollable factor. Communication with colleagues in the workplace
has positive effects on the mental health of workers. Sasaki et al.
(2017) suggested that communication training, which is con-
ducted in the workplace, could potentially improve the mental
health of workers. It is important that all staff must acknowledge
that workplace communication affects their mental health.
Fig. 1 Participants’ flow diagram
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Limitations. The strength of this study is the longitudinal design
and adequate samples used for analysis. This study reveals that
the stress trajectory among local government employees in Ishi-
nomaki city exhibited a cubic change from three months to four
years after the Great East Japan Earthquake. However, this study
has three limitations. First, although participants were informed
that survey results would be classified and independent of any
performance evaluation, they might have felt pressured to
respond to the survey, and they may have provided false infor-
mation about their working habits. Second, we did not investigate
other risk factors such as health condition, income, alcohol
consumption, and family psychiatric history. Harada et al. (2015)
and Brooks et al. (2017) revealed many risk factors. In the future,
we plan to address the relationship between these risk factors and
the stress trajectory. Finally, this research failed to consider
changes in circumstances of residents and workplace
Table 1 Participants’ basic characteristics
All Time 1 K6 < 10 Time 1 K6≧ 10
N= 573 % (SD) n= 419 % (SD) n= 147 % (SD)
Sex
Men 317 55.3 243 58.00 71 48.30
Women 256 44.7 176 42.00 76 51.70
Mean age (years) 43.30 (8.75) 43.82 (8.77) 41.73 (8.64)
Communication (n= 552)
Poor 34 5.9 15 3.58 19 12.93
Good and reasonable 518 90.4 391 93.32 121 82.31
Working overtime in the month (n= 554)
Less than 100 h 390 68.1 304 72.55 82 55.78
More than or equal to100 h 164 28.6 104 24.82 59 40.14
Having dead or missing family members (n= 563)
Yes 51 8.9 31 7.40 20 13.61
No 512 89.4 379 90.45 127 86.39
Living without a domicile (n= 549)
Yes 310 54.1 209 49.88 96 65.31
No 239 41.7 195 46.54 43 29.25
K6 score
Time 1 (n= 566) 7.10 (4.60) 4.99 (2.73) 13.12 (3.34)
Time 2 (n= 521) 5.39 (4.35) 4.40 (3.81) 8.38 (4.54)
Time 3 (n= 516) 5.03 (4.59) 4.28 (4.04) 7.35 (5.39)
Time 4 (n= 496) 4.75 (4.39) 3.94 (3.97) 7.35 (4.68)
Time 5 (n= 386) 4.95 (4.96) 3.99 (4.47) 7.77 (5.35)
Time 6 (n= 564) 4.67 (4.77) 3.89 (4.38) 6.96 (5.19)
K6= Japanese version of the Kessler 6-item Psychological Distress Scale
Table 2 Linear, quadratic, and cubic models of change in K6
Parameter Mean(var) χ2 d.f. RMSEA CFI TLI SRMR BIC AdjBIC
Linear model
Intercept 6.26*** (11.26)*** 97.865*** 16 0.094 0.876 0.883 0.085 16885.047 16850.126
Linear slope −0.38*** (0.34)***
Quadratic model
Intercept 6.88*** (11.76)*** 35.881*** 12 0.059 0.964 0.955 0.036 16822.353 16774.734
Linear slope −1.14*** (3.62)***
Quadratic slope 0.15*** (0.12)***
Cubic model
Intercept 7.09*** (19.61)*** 10.855 n.s. 7 0.031 0.994 0.987 0.027 16820.765 16757.274
Linear slope −2.11*** (21.16)***
Quadratic slope 0.68*** (3.26)***
Cubic slope −0.07*** (0.05)***
K6= Japanese version of the Kessler 6-item Psychological Distress Scale
***p < .001
Fig. 2 Average predicted trajectory of K6 for the full sample. Note: K6=
Japanese version of the Kessler 6-item psychological distress scale
PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0244-7 ARTICLE
PALGRAVE COMMUNICATIONS |            (2019) 5:37 | https://doi.org/10.1057/s41599-019-0244-7 | www.nature.com/palcomms 5
environment of public servants. For example, if residents have
future prospect of living by receiving a domicile, the complaints
against public officials will be reduced; this, in turn, may reduce
the stress of public servants. In addition, changing from disaster-
related departments to other departments will decrease indivi-
duals’ stress responses. It is possible that the stress trajectory
among local government employees and changes in circum-
stances surrounding residents or servants might have been
confounding.
Conclusion
Despite these limitations, this study revealed that the stress tra-
jectory among local government employees in Ishinomaki city
exhibited a cubic change from three months to four years after
the Great East Japan Earthquake. Further, four risk factors
increased their base line stress response, but not the long-term
stress trajectory. The amount of workplace communication
especially affected stress responses. It was suggested that being
aware of reasonable workplace communication could decrease
stress after the disaster. People who experience less workplace
communication will suffer the risk of high-stress response in the
base line. Departments involved in the health of the staff must
conveyed this to their staff through training. Moreover, public
servants who recognise the importance of communication will be
able to prevent mental health deterioration in areas where a large-
scale disaster has not occurred. When a large-scale disaster
occurs, we have to attend to not only the mental health of resi-
dents, but also that of the public servants who are responsible for
the community’s recovery.
Data availability
This dataset was acquired by Tohoku University Graduate School
of Education and Ishinomaki city for the psychological support of
public servants in Ishinomaki city. Use of the dataset in the
current study was approved by the Ethics Committee of Tohoku
University and Ishinomaki city; this dataset is not publicly
available due to the personal information contained in the health
survey data. Enquiries about the data should be directed to the
corresponding author at Tohoku University Graduate School of
Education, which commissioned the study.
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